Introduction
The endogenous purine nucleoside adenosine has complex effects on pain pathways which depend on the receptor subtype activated. It acts through four G protein coupled receptors, called A 1 , A 2A , A 2B and A 3 , but at physiological levels of adenosine the A 1 and A 2A receptors are thought to be the most important [9] [10] [11] and they have opposing effects on pain. Whereas activation of the A 1 receptors has an antinociceptive effect, probably through inhibitory A 1 receptors in the spinal cord, activation of the A 2A receptor has a pronociceptive effect, which may be due to the presence of these stimulatory receptors on sensory nerves [28, 29] . In support of these two opposing actions, mice in which the A 1 receptor has been genetically deleted (A 1 knockout mice) have enhanced nociceptive responses [16] , whereas A 2A knockout mice have reduced responses to thermal nociceptive stimuli [4, 12, 22] . A 2A knockout mice also have reduced sensitivity to the nociceptive effects of intraplantar injection of formalin, with both the initial nociceptive and the delayed inflammatory phases of the response being reduced, and this was mimicked by systemic administration of the selective A 2A antagonist SCH58261 [14] . A similar reduction in the hyperalgesic responses to intraplantar injection of another inflammatory stimulus, carrageenan, in A 2A knockout mice or in wild-type mice locally injected with another A 2A antagonist, ZM241385, have recently been reported [23] . In this study mechanical hyperalgesia was also seen in response to intraplantar injection of an A 2A receptor agonist, CGS 21680, which was lost in the A 2A knockout [23] . These findings confirm the pronociceptive effects of A 2A receptors in the periphery. As well as their role in nociceptive pathways, adenosine A 2A receptors are also found on inflammatory cells including neutrophils, monocytes and macrophages, where adenosine plays an inhibitory role and is thought to have an anti-inflammatory effect [5] . It seemed possible therefore that knockout of the A 2A receptor might in some cases enhance responses to nociceptive stimuli rather than reducing them, if there was a pronounced inflammatory component. While the second phase of the response to formalin does have an inflammatory component this is a relatively short-lived response, so we looked instead at a longer inflammatory stimulus to see if we could detect such an enhancement. We used intraplantar injection of prostaglandin E 2 (PGE 2 ) combined with paw pressure over a period of three hours, and looked at spinal cord responses over a 24 hour period. PGE 2 is a pronociceptive inflammatory mediator, and peripheral injection of PGE 2 causes hyperalgesia that lasts for up to 4
hours [see [1] [2] [3] 20] . In addition, PGE 2 can have pro-inflammatory effects, and acting via the EP4 receptor it plays a role in the pathogenesis of rheumatoid arthritis [13, 24] . Intraplantar PGE 2 injection followed by mechanical paw pressure (to test for hyperalgesia) has been used as a model for inflammatory pain in rats and mice, causing hyperalgeisa, allodynia and oedema lasting for longer than 60 minutes [6, 19, 26] . It should therefore provide a robust nociceptive stimulus, mimicking a longerlasting inflammatory pain condition. We found that in some regions of the spinal cord genetic deletion of the A 2A receptor enhanced the responses to this more prolonged inflammatory stimulus, in contrast to our previously-reported inhibition of the responses to formalin, suggesting that the role of A 2A receptors in nociception depends on the stimulus.
Materials and Methods
Animals. All animals used in this study were wild-type and A 2A knockout male mice on a CD1 background [22] aged 8 -12 weeks bred from heterozygotes at the University of Surrey. Animals were age matched throughout with a maximum of one week difference between groups of mice used for comparative experiments. All experiments described followed protocols agreed by the UK Home Office in accordance with the Animals (Scientific Procedures) Act 1985, UK.
PGE 2 injection and mechanical paw pressure.
Mice were designated to one of five experimental groupings which corresponded to the time point at which they were to be killed. The five groupings were naïve control (before treatment), t=0 (immediately after the three hours treatment) and 3, 6 and 24 hours later. Mice designated to treatment groups were lightly restrained before receiving 100ng of PGE 2 (Sigma, UK) in a volume of 5 µl into the dorsal surface of the left hind paw. PGE 2 was dissolved in ethanol and further diluted using phosphate-buffered saline so that the amount of ethanol injected was less than 1%. Mice received a total of three injections of PGE 2 into the same paw with a one hour interval between injections. One hour after each PGE 2 injection and immediately prior to subsequent injection, the injected paw was placed under a pressure bar with a linearly increasing pressure force with a preset maximum of 250g (Ugo-Basile analgesymeter modified by Kitchen [21] 
Results
We have previously reported a large decrease in [ 
Discussion
The level of restraint required in the mice during the paw pressure procedure precluded reliable assessment of nociceptive responses, but the time-dependent changes in the spinal cord neurochemical markers that we observed following this procedure suggested that it did cause a nociceptive stimulus. The PGE 2 /paw pressure procedure lasted for three hours, so it represents a more long-lasting inflammatory stimulus compared to the formalin procedure used in our previous study [15] , in which there was a single injection and the nociceptive behaviour only lasted for an hour.
Whereas in the formalin procedure the two markers of spinal cord activity, binds to the open channel of the NMDA receptor [8] this may reflect increased channel opening, a phenomenon which plays a crucial part in the spinal cord sensitisation which is known to occur with prolonged nociceptive stimulation [7, 25] .
This increase was enhanced in the A 2A knockout mice, suggesting that in these mice there is an increased nociceptive stimulus, in contrast to the results seen with formalin. This apparently paradoxical enhancement probably reflects the role of inflammatory cells in the response to PGE 2 /paw pressure, as the A 2A receptor is found on many inflammatory cells including neutrophils, monocytes and macrophages,
where it plays an inhibitory role and is thought to have an anti-inflammatory effect [5] . When [ These results are in contrast to the recently-published report showing that the hyperalgesic response to injection of carrageenan, was reduced in A 2A knockout mice [23] . In this study local injection of the A 2A antagonist ZM241385 also reduced hyperalgesic responses, but only in female mice. Although carrageenan does cause inflammation and in this study there was an increase in paw oedema in both genotypes, the primary mechanism of the hyperalgesic response to carageenan is chemical stimulation of primary afferents [27] . The reduction in response to carrageenan seen in the A 2A knockout mice may therefore reflect reduced sensory input due to loss of stimulatory receptors on the primary afferents. We found in the formalin test that the time spent licking or biting the injected paw was only significantly reduced by knockout of the A 2A receptor in the first phase of the response, which is largely due to direct stimulation of primary afferents, whereas there was no significant reduction in the second phase which has an inflammatory component [14] . When we measured flinches there was a significant reduction in both phases in the A 2A knockout mice, but it was more marked in the first phase, This again suggests that whereas A 2A receptor knockout reduces the activation of primary afferents it does not reduce the response to inflammation so effectively.
Conclusions
Overall, our previous results using [ 
